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tr&&e,d ;&n&xl? h&h which:,..was ,f~und,to,,contain,,,DMN. in .:our previous. stildies17; .A; 
strong:;peak.corresponding to .DMNA. (Fig. : z):, thus- confirms ‘the identity of DMN. 

Although wechave only used,the, technique for the determination of-DMN,*it is 
anticipatedithat other volatile~nitko~amines-could.besimilarly~conirerted to the nitra- 
mines and’detected’by GLC. ‘It is hoped that the extreme sensitivity.of the technique 
will- :be. useful. for. ,studying : the metabolism; of various nitrosamines : as ‘. well: as for 
detecting their presence!,in: the ‘environment. : 1,” : ‘, ;j .‘a’ ;. ‘. ‘.’ : : :, ‘t 
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&&&& .$&z&&h nit,&samine~. &r S,ep,hadex ,‘&I-20 : . 

‘f[.:.‘,,‘,, .,,, :; “A. ,,:‘: <,, i I, ,j )’ I .,, 
: 

:, 

; Chr6matographic separations are well-established methods for ,the analysis of 
;I-nitroso~ compounds. ThinTlajier chromatography. on c silica gel, ‘or ,aluminal and a 
*ariety of ;gas chromatdgraphic, methods.. have’ been successfully utilised for the se@a; 
ation, and:identification: of: these substance@., During- our: investigations of suitable 
iethodi “for trace :.analysis:of .N-nitroso ,’ compounds*+ ,we : examined .whether gel. 

bkotiSkt6grkphy could:,be:,ernpi~3red,asa hepaktion .d&ch$cjue'for fiitrosamines :and 

o&iblyk&d..for~the removal of interfering c’ontaminants;; ‘.‘; I:_ +:. .’ ,:. I : : 
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Materials -avtd methods. ;/, ,. ‘, I,. :, 

All nbmwnines i investigated; tic&!. q&&is&d in otir 'lab&at or y and purified 
by xknow~~ methods ; their ;purity was egtablished by & gas. chromatographic exami- 
nation. ,Fiftjr percent aqueousmethanol, analytical,grade; was the solvent, system :of 
choice even for highly lipophilic N-nitroso compounds, such : ai di-ul-hexylnitrosaniine. 

,A wheat flour concentrate.was prepared by,extraction 6f IOOO g of-commercitil 
wheat flour with dichloromethane in a Soxhlet ,for 12 h. Thqsblvent was evapdrated 
(rotatory). and the residue was~partitioned in sc-heptaneiacetonitrile8. The acetonitrile 
phase was evaporated together with ,100 g of alumina (neutral). The alumina with the 
adsorbed’ residue was filled in a ‘column and. eiuted with 50% aqueous methanol; 
50 ml were collected. 

Sephadex LH-26 was allowed to swell for 12 h in’the solvent and uias then 
packed into a I x IOO crucolumn. The gel tias ,washed with the solvent ‘until the 
eluate, showed no absorption in UV light at 230 nm. To prevent photolytic .cleavage 
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:, 
l?ig. I. Gel chromatography on Sephadex LH-20. Column, Sephadex LH-20, roe x IOO mm; 
eluent, methanol-water (I : I), 4.3 ml/h; sample volume, 0,~ ml. (A) f = ‘19.4 PB methylethyl- 
nitrosamine; z = 26.4pg methylbutylnitrosamine; 3 = 25.3 pg methylpentylnitrosamine. (B) 
I = 10.5 pg dimethy+lnitrosamine ; 2 = 14 pg diethylnitrosamine ; 3 = ax .S pg -dik-propyl- 
nitrosamine; 4 = 50 pg di-lz-butylnitrosaminc ; 5 = 74 pg di-n-pentylnitrosamine; 6 = 52 pg 
di-n-hexylnitrosamine. 

of nitrosa+nes during chromatography, the column was screened from direct light 
with black paper. The compounds were applied in a sample volume of 0.5 ml, elution 
was performed at a rate of 4.3 ml/h and fractions of 2 or 3 ml were collected. Nitrosamine, 
concentrations in the fractions were determined by UV spectroscopy’at’23o-235 nm, 
using a Zeiss DMR 21 recording spectrophotometer. 

‘. 
.\ 

Results and disczcssiort 
As can be seen from Fig. I, 

an efficient separation of all six 
gel chromatography on Sephadex LH-20 resulted in 
symmetrical di-+alkylnitrosaniines under fhe’ con- 
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@tioas descrilied above; ,Dimethylnifrosamine was eluted first,, Wowed: ,by ‘diethyli 

&kosaqine; di-uc_propylnitrosamirie;.~d the higher. homologues;,: : I* :, .’ 5 I : 

: 1’ I:’ :\ ~,Thk :, elution,:: sequence,! .&the. ~m~thyl~ylnitro~~~ne.” homologucs,,: follows the 
hame ,! princi@le;. ': ,this. .methyleth3ilnitrosa~e~ i is: eluted :’ before;:&ethylbutylnitro- 
samine’whichis .followed; by: ;methylpentyInitros’amine; iA six$lar~‘sefiaration as that 
shown in. Fig; I : was. obtained :with, .the’,-application of ;r;Ltoic/o'*pcg' of: SymmhiCal 

dialkylnitr~samineslusing;a:_a ~:xoo:cm’column;:, .!“.,,t, ,I::I”.‘,::..I”.‘,.’ I,” 

-:,:. -: :: j I:~Whils~::dialkylnit:rosamine ,homologl.xs ,which differ. in: two,,methylene groups , 
/ 

were : ihva&,bly: well :separated;, ‘the ; separation. of: nitrosamines iwith a: difference, of 
~~l~I::bneI.methylene group iwas incomplete (methylbutyli from .inethylpentylnitros- 
amine). j- I, ,: ,, ,,. ,: 

‘. _ <; ‘( ./ ..’ ,Tkie ahove. results,indicate, that the separation ,is not based, upon ,a:gel titration 
@ce&; :Apparently.:the:elution.behaviour of symmetrical’ and, unsymmetrical, nitro- 
samines~kidekthese ,conditions is ,determined ~.priniarily ,by. absorption ‘effects. The 
affinity of ,a given nitrosamine to the Sephadex LH-20 matrix increases with its lipo- 
?hilic -ch,aracter’and ‘can be correlated with the distribution coefficient of the com- 
?opnd$,in' the system rt-hexane-aqueous buffer .(ref. 6, p. 1x5). 
: :The .usefulness of gel chromatography for the separation of micro-amounts of 
litrosanii,nes from biolo$cal :materials was also investigated. A similar mixture of 
Gtrbsamines was dis&lved in a g-ml aliquot of the wheat flour concentr,ste and applied 
bn,.the 2 x ,100 cm column. Over the whole elution range in which iijtrosamines were 
o ‘be. exRectcd; UV-absorbing contaminants from the extract prevented the,determi- 
lation..ofthe, substances ‘in the eluate by UV spectroscopy. .’ . . ” 

“, Although mixtures ‘of pure nitrosamines. c&i be’ successfully: separated by gel 
hromatography on Sephadex L&I-20, the ‘method hs described cannot be used for 
he: separation of. nitrosamines from ‘interfering biological contaminants. : 

“: This investigation was carried out under contract with the International Agency 
or Research on Cancer. ::’ . I ,I .’ ,. ’ ‘ , ,. . . k ’ 
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